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ASBESTOS SAMPLING

1.0 SCOPE AND APPLICATION

Asbestos has been used in many commercial products
including building materials such as flooring tiles and
sheet goods, paints and coatings, insulation, and

roofing asphalts. These products and others may be -

found at hazardous waste sites hanging on overhead

pipes, contained in drums, abandoned in piles, or as -
part of a sructure. Asbestos tailing piles from mining

operations can also be a source of ambient asbestos

fibers. Asbestos is a known carcinogen and requires

air sampling to assess airbome exposure to human

health. This Standard Operating Procedure (SOP)

provides procedures for asbestos air sampling by

drawing a known volume of air through a mixed

cellulose ester (MCE) filter. The filter is then sent to

a laboratory for analysis. The U.S. Environmental

Protection Agency/Environmental Response Team

(U.S. EPAJERT) uses one of four analytical methods

for determining asbestos in air, These include: U.S.

EPA's Environmenta] Asbestos Assessment Manual,

Superfund Method for the Determination of Asbestos

in Ambient Air for Transmission Electron Microscopy

(TEM)¥; U.S. EPA's Modified Yamate Method for

TEM®; National Institute for Occupational Safety and

Health (NIOSH) Method 7402 (direct method only)

for TEM; and NIOSH Method 7400 for Phase

Contrast Microscopy (PCM)®. Each method has

specific sampling and analytical requirements (i.e.,

sample volume and flow rate) for determining
asbestos in air.

The U.S. EPA/ERT typically follows procedures

outlined in the TEM methods for determining

mineralogical types of asbestos in air and for
distinguishing asbestos from non-asbestos minerals.

The Phase Contrast Microscopy (PCM) method is

used by U.S. EPAJERT as a screening tool since it is
less costly than TEM. PCM cannot distinguish
asbestos from non-asbestos fibers, therefore the TEM
method may be necessary to coafirm analytical
resuits. For example, if an action level for the
presence of fibers has been set and PCM analysis
indicates that the action level has been exceeded, then
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TEM analysis can be used to quantify and identify
asbestos structures through examination of their
morphology crystal structures (through electron
diffraction), and elemental composition (through

energy dispersive X-ray analysis). [n this instance

samples should be collected for both analyses in side
by side sampling trains (some laboratories are able to
perform PCM and TEM analysis from the same filter).
The Superfund method is designed specifically to
provide results suitable for supporting risk
assessments at Superfund sites, it is applicable to a
wide range of ambient air situations at hazardous
waste sites. U.S. EPA's Modified Yamate Method for
TEM is also used for ambient air sampling due to high
volume requirements. The PCM and TEM NIOSH
analytical methods require lower sample volumes and
are typically used indoors; however, ERT will
increase the volume requirement for outdoor
application. .

Other Regulations pertaining to asbestos have been
promulgated by U.S. EPA and OSHA. U.S. EPA's
National Emission Standards for Hazardous Air
Pollutants (NESHAP) regulates asbestos-containing
waste materials. NESHAP establishes management
practices and standards for the handling of asbestos
and emissions from waste disposal operations (40
CFR Part 61, Subparts A and M). U.S. EPA's 40 CFR
763 (July 1, 1987)* and its addendum 40 CFR 763
(October 30, 1987)® provide comprehensive rules for
the asbestos abatement industry. State and local
regulations on these issues vary and may be more
stringent than federal requirements. The OSHA
regulations in 29 CFR 1910.1001 and 29 CFR
1926.58 specify work practices and safety equipment
such as respiratory protection and protective clothing
when handling asbestos. The OSHA standard for an

8-hour, time-weighted average (TWA) is 0.2

fibers/cubic centimeters of air. This standard pertains
to fibers with a length-to-width ratio of 3 to 1 witha
fiber length >5 um™®. An action levei of 0.1 fiber/cc
(one-haif the OSHA standard) is the level U.S. EPA
has established in which employers must initiate such
activities as air monitoring, employee training, and



medical surveillance®®,

These are standard (i.e., typically applicable)
operating procedures which may be varied or changed
as required, dependent upon site conditions,
equipment limitations or limitations imposed by the
procedure. [n all instances, the ultimate procedures
employed shouid be documented and associated with

the final report.

Mention of trade names or commercial products does
not constitute U.S. EPA endorsement or

recommendation for use.
2.0 METHOD SUMMARY

Prior to sampling, the site should be characterized by
identifying on-site as well as off-site sources of -
airborme asbestos. The array of sampling locations
and the schedule for sample collectian, is critical to
the success of an investigation. Generally, sampling
strategies to characterize a single point source are
fairly straightforward, while multiple point sources
and area sources increase the complexity of the
sampling strategy. It is not within the scope of this
SOP to provide a generic asbestos air sampling plan.
Experience, objectives, and site characteristics will
dictate the sampling strategy.

During a site investigation, sampling stations should
be arranged to distinguish spatial trends in airbome
asbestos concentrations. Sampling schedules should
be fashioned to establish temporal wends. The
sampling strategy typically requires that the
concentration of asbestos at the source (worst case) or
area of concern (downwind), crosswind, as well as
. background (upwind) contributions be quantified. See
Table 1 (Appendix A) for U.S. EPAJ/ERT
recommended sampling set up for ambient air. Indoor
asbestos sampling requires a different type of strategy
which is identified in Table 2 (Appendix A). It is
important to establish background levels of
‘contaminants in order to develop a reference point
from which to evaluate the source data. Field blanks
and lot blanks can be utilized to determine other

sources,

Much information can be derived from each analytical
method previously mentioned. Each analytical
method has specific sampling requirements and
produce results which may or may not be applicable
to a specific sampling effort. The site sampling
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objectives should be carefully identified so as to select
the most appropriate analytical method. Additionally,
some preparation (i.e., lot blanks resulits) prior to site
sampling may be required, these requirements are
specified in the analytical methods.

PRESERVATION,
HANDLING,

3.0 SAMPLE
CONTAINERS,
AND STORAGE

3.1 Sample Preservation
No preservation is required for asbestos samples.

3.2  Sample Handling, Container and
Storage Procedures

1. Place a sample label on the cassette
indicating a unique sampling number. Do
not put sampling cassettes in shirt or coat

. pockets as the filter can pick up fibers. The
“  original cassette box is used to hold the

samples.

2. 'Wrap the cassette individually in a plastic
sample bag. Each bag should be marked
indicating sample identification number, total
volume, and date.

3. The wrapped sampling cassettes should be
placed upright in a rigid container so that the
cassette cap is on top and cassette base is on

. bottom. Use enough packing material to

prevent jostling or damage. Do not use
vermiculite as packing material for samples.
If possible, hand carry to lab.

4, Provide appropriate documentation with
samples (i.e., chain of custody and requested
analytical methodology).

40 INTERFERENCES AND
POTENTIAL PROBLEMS

Flow rates exceeding 16 liters/minute (L/min) which
could result in filter deszruction due to (a) failure of its
physical support under force from the increased
pressure drop;. (b) leakage of air around the filter
mount so that the filter is bypassed, or {c) damage to
the asbestos structures due to increased impact
velocities.



4.1 U.S.EPA's Superfund Method

Direct-transfer TEM  Specimen
Preparation Methods

4.1.1

Direct-Transfer TEM specimen preparation methods
have the following significant interferences:

. The achievable detection limit is restricted
by the particulate density on the filter, which
in turn is controlled by the sampled air
volume and the total suspended particulate
concentration in the atmosphere being
sampled.

. The precision of the result is dependent on _
the uniformity of the deposit of asbestos
structures on the sample collection filter.

. Air samples must be collected so that they
have particulate and fiber loadings within
narrow ranges. If too high a particulate
loading occurs on the filter, it is not possible
to prepare satisfactory TEM specimens by a
direct-transfer method. If too high a fiber
loading occurs on the filter, even if
satisfactory TEM specimens can be prepared,
accurate fiber counting will not be possible.

Indirect TEM Specimen Preparation
Methods

4.12

Indirect TEM specimen preparation methods have the
following interferences:

+

. The size distribution of asbestos structures is
modified.
. There is increased opportunity for fiber loss’

or introduction of extraneous contamination.

. When sample collection filters are ashed, any
- fiber contamination in the filter medium is
concentrated on the TEM specimen grid.

It can be argued that direct methods yield an under-
estimate of the asbestos structure concentration
because many of the asbestos fibers present are
concealed by other particulate material with which
they are associated. Conversely, indirect methods can
be considered to yield an over-estimate because some
types of complex asbestos structures disintegrate

during the preparation, resulting in an increase in the
numbers of structures counted.

4.2 U.S. EPA's Modified Yamate
Method for TEM

High concentrations of background dust interfere with
fiber identification.

4.3 NIOSH Method for TEM

Other amphibole particles that have aspect ratios
greater than 3:1 and elemental compositions similar to
the asbestos minerals may. interfere in the TEM
analysis. Some non-amphibole minerals may give
electron diffraction patterns similar to amphiboles.
High concentrations of background dust mterfere with
fiber identification.

4.4  NIOSH Method for PCM

PCM cannot distinguish asbestos from non-asbestos
fibers; therefore, all particles meeting the counting
criteria are counted as total asbestos fibers. Fiber less
than 0.25 um in length will not be detected by this
method. High levels of non-fibrous dust particles may
obscure fibers in the field of view and increase the

detection limit.

5.0 EQUIPMENT/MATERIALS

5.1 * Sampling Pump

The constant flow or critical orifice controlled
sampling pump should be capable of a flow-rate and
pumping time sufficient to achieve the desired volume

of air samipled. -

The lower flow personal sampling pumps generally

provide a flow rate of 20 cubic centimeters/minute -

(cc/min) to 4 L/min. These pumps are usually battery

powered. High flow. pumps are utilized when flow-

rates between 2 L/min to 20 L/min are required. High
flow pumps are used for short sampling periods so as
to obtain the desired sample volume.
pumps usually run on AC power and can be plugged
into a nearby outlet. If an outlet is not availabie then
a generator should be obtained. The generator should
be positioned downwind from the sampling pump.
Additional voltage may be required if more than one
pump is plugged into the same generator. Several

High flow.



electrical extension cords may be required if sampling
locations are remote.

The recommended volume for the Superfund method
(Phase [) requires approximately 20 hours to collect.
Such pumps typically draw 6 amps at full power so
that 2 lead/acid batteries should provide sufficient
power to collect a full sample. The use of line
voltage, where available, eliminates the difficulties
associated with transporting stored electrical energy.

A stand should be used to hold the filter cassette at the

desired height for sampling and the filter cassette shall
be isolated from the vibrations of the pump.

5.2  Filter Cassette

The cassettes are purchased with the required filters in

position, or can be assembled in a laminar flow hood
or clean area. When the filters are in position, a
shrink cellulose band or adhesive tape should be
applied to cassette joints to prevent air leakage.

5.2.1 TEM Cassette Requirements

Commercially available field monitors, comprising
25 mm diameter -three-piece cassettes, with
conductive extension cowls shall be used for sample
collection. The cassette must be new and not
previously used. The cassette shall be loaded with an
MCE filter of pore size 0.45 pm, and supplied from a
lot number which has been qualified as low
background for asbestos determination. The cowls
should be constructed of electricaily conducting
material to minimize electrostatic effects. The filter
shall be backed by a 5 um pore size MCE filter
(Figure 1, Appendix B).

5.2.2 PCM Cassette Requirements

NIQSH Method 7400, PCM involves using a 0.8 to
1.2 pum mixed cellulose ester membrane, 25 mm
diameter, 50 mm conductive cowl on cassette (Figure
2, Appendix B). Some labs are able to perform PCM
and TEM analysis on the same filter; however, this
should be discussed with the laboratory prior to

sampling.
5.3 Other Equipment

. Inert tubing with glass cyclone and hose barb
. Whirlbags (piastic bags) for cassettes

. Tools - small screw drivers

. Container - to keep samples upright

. Generator or electrical outlet (may not be
required)

. Extension cords (may not be required)

. Multiple plug outlet

. Sample labels

. Alr data sheets

. Chain of Custody records

6.0 REAGENTS

Reagents are not required for the preservation of
asbestos samples.

7.0 PROCEDURES
7.1 Air Volumes and Flow Rates

Sampling volumes are determined on the basis of how
many fibers need to be collected for reliable
measurements. Therefore, one must estimate how
many airborne fibers may be in the sampling location.

Since the concentration of airborne aerosol
contaminants will have some effect on the sample, the
following is a suggested criteria to assist in selecting
a flow rate based on real-time aerosol monitor (RAM)
readings in milligrams/cubic meter (mg/m?).

Concentration  Flow Rate
« Low RAM readings:  <6.0 mg/m® 11-15. L/min
+ Medium RAM readings:>6.0 mg/m, 7.5 L/min
» High RAM readings: >10. mg/m’ 2.5 L/min

In practice, pumps that are available for environmental
sampling at remote locations operate under a
maximum load of approximately 12 L/min.

7.1.1 U.S. EPA's Superfund Method

The Superfund Method incorporates an indirect
preparation procedure to provide flexibility in the
amount of deposit that be can be tolerated on the
sample filter and to allow for the selective
concentration of asbestos prior to amalysis. To
minimize contributions to background contamination
from asbestos present in the plastic matrices of
membrane filters while allowing for sufficient
quantities of asbestos to be collected, this method also
requires the collection of a larger volume of air per
unit area of filter than has traditionally been collected
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for asbestos analysis. Due to the need to collect large
volumes of air, higher sampling flow rates are
recommended in this method than have generally been
employed for asbestos sampling in the past. As an
alternative, samples may be collected over longer time
intervals. However, this resmicts the flexibility
required to allow samples t9 be collected while
uniform meteorological conditions prevail,

The sampling rate and the period of sampling should
be selected to yield as high 2 sampled volume as
possible, which will minimize the influence of fiiter
contamination. Wherever possible, a volume of 15
cubic meters (15,000 L) shall be sampled for those
samples intended for analysis only by the indirect .
TEM preparation method (Phase ! samples). For
those samples to be prepared by bath the indirect and -
the direct specimen preparation methods (Phase 2
samples), the volumes must be adjusted so as to
provide a suitably-loaded filter for the direct TEM
preparation method. One option is to collect filters at
several loadings to bracket the estimated optimum
loading for a particular site. Such filters can be
screened in the laboratory so that only those filters
closest to optimal loading are analyzed. It has been
found that the volume cannot normally exceed 5 cubic
meters (5000 L) in an urban or agricultural area, and
10 cubic meters (10,000 L) in a rural area for samples
collected on a 25 mm filter and prepared by a direct-
transfer technique.

An upper limit to the range of acceptable flow rates
for this method is 15 L/min. At many locations, wind
patterns exhibit strong diurnal variations. Therefore,
intermittent sampling (sampling over a fixed time
intervaj repeated over several days) may be necessary
to accumulate 20 hours of sampling time over constant
wind conditions. Other sampling objectives aiso may
necessitate intermittent sampling. The objective is to
design a sampling schedule so that samples are
collected under uniform conditions throughout the
sampling interval. This method provides for such
options. Air volumes collected on Phase [ samples
are maximized (<16 L/min). Air volumes collected
on Phase 2 samples are limited to provide optimum
loading for filters to be prepared by a direct-transfer
procedure.

7.1.2 US. EPA's Modified Yamate
Method for TEM

U.S. EPA's TEM method requires a minimum volume

of 560 L and a maximum volurne of 3,800 L in order
to obtain an analytical sensitivity of 0.005
structures/cc. The optimal volume for TEM is 1200
L to {800 L. These volumes are determined using a
200 mesh EM grid opening with a 25-mm filter
cassette. Changes in volume would be necessary ifa
37-mm filter cassette is used since the effective area
of 2 25 mm (385 sq mm) and 37 mm (855 sq m) -
differ. : '

7.1.3 NIOSH Method for TEM and PCM

The minimum recommended volume for TEM and
PCM is 400 L at 0.1 fiber/cc. Sampling time is
adjusted to obtain optimum fiber loading on the filter.
A sampling rate of ! to 4 L/min for eight hours (700
to 2800 L) is appropriate in non-dusty atmospheres
containing 0.1 fiber/cc. Dusty atmospheres i.e., areas
with high levels of asbestos, require smaller sample
volumes (<400 L) to obtain countable samples.

In Such cases, take short, consecutive samples and

average the results over the total collection time. For

documenting episodic exposures, use high flow rates

(7 to 16 -L/min) over shorter sampling times. In

relatively clean atmospheres where. targeted fiber

concentrations are much less than 0.1 fiber/cc, use

larger sample volumes (3,000 to 10,000 L) to achieve
quantifiable loadings. Take care, however, not to

overload the filter with background dust. If > 50% of
the filter surface is covered with particles, the filter

may be too overloaded to count and will bias the

measuted fiber concentration. Do not exceed 0.5 mg

total dust loading on the filter.

7.2 Calibration Procedures

In order to determine if a sampling pump is measuring
the flow rate or volume of air correctly, it is necessary
to calibrate the insoqument. Sampling pumps should
be calibrated immediately before and after each use.
Preliminary calibration should be conducted using a
primary calibrator such as a soap bubble type
calibrator, (e.g., 2 Buck Calibrator, Gilibrator, or
equivalent primary calibrator) with a representative
filter cassette installed between the pump and the
calibrator. The representative sampling cassette can
be reused for calibrating other pumps that will be used
for asbestos sampling. The same cassette lat used for .
sampling should also be used for the calibration. A
sticker should be affixed to the outside of the
extension cowl marked "Calibration Cassette.”



A rotameter can be used provided it has been recantly
precalibrated with a primary calibratoc. Three
separate constant flow calibration readings should be
obtained both before sampling and after sampling.
Should the flow rate change by more than 5% during
the sampling period, the average of the pre- and post-
calibration rates will be used to calculate the total
sample volume. The sampling pump used shall
provide a non-fluctuating air-flow through the filter,
and shall maintain the initial volume flow-rate to
within = 10% throughout the sampling period. The
mean value of these flow-rate measurements shall be
used to calculate the total air volume sampled. A
constant flow or critical orifice controlied pump meets
these requirements. If at any time the measurement

indicates that the flow-tate has decreased by more .

than 30%, the sampling shall be terminated. Flexible
tubing is used to connect the filter cassette to the-
sampling pump.Sampling pumps can be calibrated
prior to coming on-site so that time is saved when
performing on-site calibration.

Calibrating a Personal 'Samplizig
Pump with an Electronic Calibrator

7.2.1

1. See Manufacturer's manual for operational
instructions.

2. Set up the calibration train as shown in
(Figure 3, Appendix B) using a sampling
pump, electronic calibrator, and a
representative filter cassette. The same lot
sampling cassette used for sampling should
also be used for calibrating.

3, To set up the calibration train, attach one end
*  of the PVC tubing (approx. 2 foot) to the
cassette base; attach the other end of the
tubing to the inlet plug on the pump.
Another piece of tubing is attached from the

cassette cap to the electronic calibrator.

4, - Turn the electronic calibrator and sampling
pump on. Create a bubble at the bottom of
-the flow chamber by pressing the bubble
initiate button. The bubble should rise to the
top of the flow chamber. After the bubble
runs its course, the flow rate is shown on the
LED display.

5. Turn the flow adjust screw or knob on the
pump until the desired flow rate is attained.

o
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Perform the calibration three times until the

- desired flow rate of = 5% (s attained.

Calibrating a Rotameter with an
Electronic Calibrator

See manufacturer's manual for operational
instructions.

Set up the calibration train as shown in
(Figure 4, Appendix B) using a sampling
pump, rotameter, and electronic calibrator.

Assemble the base of the flow meter with the
screw provided and tighten.in placs. The
flow meter should be mounted within 6°

vertical.

Turn the electronic calibrator and sampling
pump on.

Create a bubble at the bottom of the flow
chamber by pressing the bubble initiate
button. The bubble should rise to the top of

. the flow chamber. Afer the bubble runs its
course, the flow rate is shown on the LED |

display.

Turn the flow adjust screw or knob on the
pump until the desired flow rate is attained.

Record the electronic calibrator flow rate
reading and the corresponding rotameter
reading.  Indicate these values on the
rotameter (sticker). The rotameter should be
able to work within the desired flow range.
Readings can also be calibrated for 10 cm?
increments for Low Flow rotameters, 500
cm’ increments for medium flow rotameters
and | liter increments for high flow
rotameters.

Perform the calibration three times until the
desired flow rate of = 5% is attained. Once
on site, a secondary calibrator, i.e., rotameter
may be used to calibrate sampling pumps.

Calibrating a Personal Sampling
Pump with a Rotameter

See manufacturer's manual for Rotameter's
Operational Instructions.



7.3.

Set up the calibration train as shown in
(Figure 5, Appendix B) using a rotameter,
sampling pump, and a representative
sampling cassette.

To set up the calibration train, attach one end
of the PVC tubing {approx. 2 fi) to the
cassette base; attach the other end of the
tubing to the inlet plug on the pump.
Another piece of tubing is attached from the
cassette cap to the rotameter.

Assemble the base of the flow meter with the
screw provided and tighten in place. The

flow meter should be mounted within 6° -

vertical.
Tumn the sampling pump on.

Tum the flow adjust screw (or knob) on the
personal sampling pump until the float ball
on the rotameter is lined up with the
precalibrated flow rate value. A sticker on
the rotameter should indicate this value.

A verification of calibration is generally

performed on-site in the clean zone
immediately prior to the sampling.

Meteorology

It is recommended that a meteorological station be
established. [f possible, sample after two to three
days of dry weather and when the wind conditions are
at 10 mph or greater. Record wind speed, wind
direction, temperature, and pressure in a field logbook.
Wind 'direction is particularly important when
monitoring for asbestos downwind from a fixed

source.

7.4
74.1

1.

Ambient Sampling Procedures

Pre-site Sampling Preparation
Determine the extent of the sampling effort,
the sampling methods to be employed, and
the types and amounts of equipment and
supplies needed.

Obtain necessary sampling equipment and
ensure it is in working order and fully

charged (if necessary).

7.4.2

Perform a general site survey prior ta site
entry in accordance with the site specific
Health and Safety plan.

Once on-site the calibration is performed in
the clean zone. The calibration procedures
are listed in Section 7.2.

After calibrating the sampling * pump,
mobilize to the sampling location.

Site Sampling

To set up the sampling train, attach the air
intake hose to the cassette base. Remove the
cassette cap (Figure 6 and 7, Appeadix B).
The cassette should be positioned downward,
perpendicular to the wind

If AC or DC electricity is required then turn
it on. If used, the generator should be placed
10 ft. downwind from the sampling pump. -

Record the following in a field logbook:

‘date, time, location, sample identification

number, pump number, flow rate, and
cumuiative time.

Turn the pump on. Should intermittent
sampling be required, sampling filters must
be covered between active periods of
sampling. To cover the sample filter: tum- _
the cassette to face upward, place the

. cassette cap on the cassette, remove the inlet

plug from the cassette cap, attach a rotameter
to the inlet opening of the cassette cap to
measure the flow rate, tum off the sampling
pump, place the inlet plug into ‘the inlet
opening on the cassette cap. To resume
sampling: remove the inlet plug, turn on the
sampling pump, attach a rotameter to
measure the flow rate, remove the cassette
cap, replace the iniet plug in the cassette cap
and invert the cassette, face downward and
perpendicular to the wind.

Check the pump at sampling midpoint if
sampling is longer than 4 hours. The
generators may need o be regased depending
on tank size. [f a filter darkens in appearance
or if loose dust is seen in the filter, a second
sample should be started.



6. At the end of the sampling period, orient the
cassette up, turn the pump off.

7. Check the flow rate as shown In Section
7.2.3. When sampling open-faced, the
sampling cap should be replaced before post
calibrating. Use the same cassette used for
sampling for post calibration (increase
dust/fiber loading may have altered the flow

rate.
3. Record the post flow rate.
9. Record the cumulative time or run.
10. Remove the .tubing from the sampling °

cassette. Still holding the cassette upright,
replace the inlet plug on the cassette cap and”
the outlet plug on the cassette base.

7.4.3. Post Site Sampling

1. Follow handling procedures in Section 3.2,
steps 14.
2. Obtain an electronic or hard copy of

meteorological data which occurred during
‘the sampling event. Record weather: wind
speed, ambient temperature, wind direction,
and precipitation. Obtaining weather data
several days prior ta the sampling event can
also be useful. :

7.5 Indoor SamplinglProcedures

PCM analysis is used for indoor air samples. When
analy‘sis shows total fiber count above the OSHA
action leve{ 0.1 f/cc then TEM (U.S. EPA’s Modified
Yamate Method) is used to identify asbestos from
non-asbestos fibers.

Sampling pumps should be placed four to five feet
abave ground level away from obstructions that may
influence air flow. The pump can be placed on a table
or counter. Refer to Table 2 (Appendix A) for a
summary of indoor sampling locations and rationale
for selection. '

Indoor sampling utilizes high flow rates to increased
sample volumes (2000 L for PCM and 2800 to0 4200 L
for TEM) in order to obtain lower detection limits
below the standard, (i.e., 0.01 fcc or lower [PCM]

and 0.0035 structures/cc or lower [TEM)).
7.5.1 Aggressive Sampling Procedures

Sampling equipment at fixed locations may fail to
detect the presence of asbestos fibers. Due to limited
air movement, many fibers may settle out of the air
onto the floor and other surfaces and may not be
captured on the filfer. In the past, an 8-hour sampling
period was recommended o cover various air
circulation conditions. A quicker and more effective
way to capture asbestos fibers is to circulate the air
artificially so that the fibers remain airborne during

- sampling. The results from this sampling option

typifies worst case condition. This is referred to as
aggressive air sampling for asbestos. Refer to Table 2
for sample station locations.

1. Before starting the sampling pumps, direct
forced air (such as a l-horsepower leaf
blower or large fan) against walls, ceilings,
floors, ledges, and other surfaces in the room
to initially dislodge fibers from surfaces.
This should take at least 5 minutes per 1000
sq. ft. of floar.

Place a 20-inch fan in the center of the room.
(Use one fan per 10,000 cubic feet of room
space.) Place the fan on slow speed and
point it toward the ceiling.

(S

3. Follow procedures in Section 7.4.1 and 7.4.2
(Tumn off the pump and then the fan(s) when
sampling is complete.).

4, Follow handling procedures in Section 3.2,
steps 1-4.

8.0 CALCULATIONS

The sample volume is calculated from the average
flow rate of the pump multiplied by the number of
minutes the pump was running (volume = flow rate X
time in minutes). The sample volume should be
submitted to the laboratory and identified on the chain
of custody for each sample (zero for lot, field and wip

blanks).

The concentration resuit is calculated using the
sample volume and the numbers of asbestos structures

reported after the application of the cluster and matrix

counting criteria.



9.0 QUALITY ASSURANCE/
QUALITY CONTROL

Follow ail QA/QC requirements from the laboratories
as well as the analytical methods.

9.1 TEM Requirements

1. Examine lot blanks to determine the
background asbestos structure concentration.

2. Examine field blanks to determine whether
there is contamination by extraneous

asbestos  structures during specimen

preparation.

3. Examine of laboratory blanks to determine if
" contamination is being introduced during
critical phases of the laboratory program.

4. To determine if the laboratory can
satisfactorily analyze samples of known
asbestos structure concentrations, reference
filters shall be examined. Reference filters
should be maintained as part of the
laboratory’s Quality Assurance program.

5. To minimize subjective effects, some
specimens should be recounted by a different
microscopist,

6. Asbestos laboratories shall be accredited by
the National Voluntary Laboratory
Accreditation Program.

7. * Atthis time, performance evaluation samples

for asbestos in air are not available . for

Removal Program Activities.

9.2 PCM Requirements

1. Examine reference slides of known
concentration to determine the analyst's
ability to satisfactorily count fibers.
Reference slides should be maintained as
part of the laboratory's quality assurance
program.

2. Examine field blanks to determine if there is
contamination by extraneous structures

during sample handling.

3 Some samples should be relabeled then
submitted for counting by the same analyst to
determine possible bias by the analyst.

4, Participation in a proficiency testing program

such as the AIHA-NIOSH proficiency
analytical testing (PAT) program..

10.0 DATA VALIDATION

Results of quality control samples will be evaluated -

for contamination. This information will be utilized
to qualify the environmental sample results
accordingly with the project’s data quality objectives.

11.0 HEALTH AND SAFETY

When working with potentially hazardous materials,
follow U.S. EPA, OSHA, and corporate health and
safety procedures. More specifically, when entering
an unknown situation involving asbestos, a powered
air purifying respirator (PAPR) (full face-piece) is
necessary in conjunction with HEPA filter cartridges.
See applicable regulations for action level, PEL, TLV,
etc. If previous sampling indicates asbestos

concentrations are below personal health and safety -

levels, then Level D personal protection is adequate.

12.0 REFERENCES

m Environmental  Asbestos . Assessment
. Manual, Superfund Method for the
Determination of Asbestos in Ambient Air,

Part 1: Method, EPA/540/2-90/0052, May

1990, and Part 2: Technical Background
Document, EPA/540/2-90/005b, May 1990.

@ Methodology for the Measurement of
Airborne Asbestos by Electron Microscopy,
EPA's Report No. 68-02-3266, 1984, G.
Yamate, S.C. Agarwal, and R. D. Gibbons.

@ Natijonal Institute for Occupational Saféty
and Health. NIOSH Manual of Analytical
Method. Third Edition. 1987.

“ U.S. Environmental Protection Agency.
' Code of Federal Regulations 40 CFR 763.
July 1, 1987. Code of Federal Regulations

40 CFR 763 Addendum. October 30, 1987.



® U.S. Environmental Protection Agency.

Asbestos-Containing Materials in Schools;.

Final Rule and Notice. 52 FR 41826.

6
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Occupational Safety  and Health
Administration. Code of Federal Regulations
29 CFR 1910.1001. Washington, D.C.

1987.



APPENDIX A

Tables

TABLE 1.

SAMPLE STATIONS FOR OUTDQOR SAMPLING -

Sample Station

Sample Numbers -

Rationale

Location

Upwind/Background®

Collect a minimum of two simultaneous
upwind/background samples 30° apart
from the prevailing windlines. .-

Establishes background fiber levels.

Downwind

Deploy a minimum of 3 sampling stations
in a 180 degree arc downwind from the

source.

Indicates if asbestos is leaving the
site.

Site Representative -
and/or Worst Case

Obtain one site representative sample
which shows average condition on-site or
obtain worst case sample (optional).

Verify and continually confirm and
document selection of proper levels
of worker protection. :

™ More than one background station may be required if the asbestos originates from different sources.

K

11

N




APPENDIX A (Cont’d)

Tables

TABLE 2

SAMPLE STATIONS FOR INDOOR SAMPLING

Sample Station
Location

Sample Numbers

Rationale

Indoor Sampling

If a work site is a single room, disperse 3
samplers throughout the room.

If the work site contains up to 5 rooms, place
at least one sampler in each room.

[f the work site contains more than 5 rooms, .
select a representative sample of the rooms.

Establishes representative samples
from a homogeneous area.

Upwind/Background

If outside sources are suspected,

deploy a minimum of two simultaneous
upwind/background samples 30° apart from
the prevailing windlines.

Establish whether indoor asbestos
concentrations are coming from an
outside source.

v

Worst Case

Obtain one worst case sample, i.e.,
aggressive sampling (optional).

Verify and continually confirm and
document selection of proper levels
of worker protection.
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APPENDIX B

Figures

FIGURE 1. Transmission Electron Microscopy Filter Cassette
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APPENDIX B (Cont’d)

Figures

FIGURE 2. Phase Contrast Microscopy Filter Cassette
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APPENDIX B (Cont’d)

Figures

FIGURE 3. Calibrating a Personal Sampling Pump with a Bubble Meter
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Figures

FIGURE 4. Calibrating a Rotameter with a Bubble Meter
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APPENDIX B (Cont’d)

Figures

FIGURE 5. Calibrating a Sampling Pump with a Rotameter
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Figures

FIGURE 6. Personal Sampling Train for Asbestos
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Figures

_FIGURE 7. High Flow Sampling Train for Asbestos
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Employee Orientation Form
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump: o

1) The cassette needs to be iocated in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump pnor

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or rep\ace your pump as

- necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these

changes — it ensures that we collect valid air samples.

Please sign to acknowledge review of these items.

Signature @W"" ‘B’“"\

Printed Name /10«0,\ Browe

<1 3¢

Last four digits of SSN (for sample tracking purposes)

Task £/T iad ity

Date 9-({0 -O>~
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump: .

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior
to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette, Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged '

This will enable the technician to adjust, restart, or replace yvour pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
warkday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes - it ensures that we collect valid air samples.

Please sign to acknowledge review of these items.

Signature/%éu cj/% —

,/

e

Printed Name gé’“[‘:;mﬂ 4. éﬁlxvsﬁm

Last four digits of SSN (for sampie tracking purposes) 75 ¢ ¥

Task __MeCHBMIC,

Date %f /O £ QZ

<
N U aE GE D B B B e "
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Personal Air Samp’lihg

There are a few important points to remember when wearing a personal

- sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth & .

nose) throughout your workday. It should be attached to your iapel, or in a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The tecthIan will pause the pump prior

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjuét, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes - it ensures that we collect valid air samples.

Please sign fo écknowledge review of these items.

- M A
g

W0 () == .
Signature

Printed Name \ %—‘ﬂ‘!\) SOQ\) 3

Last four digits of SSN (for sample tracking purposes) %245

Task NQ/Q,‘\%“&-‘N\ C_

Date ; ESSS; 5(1§2§f__ .

&2

a4
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be atiached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or repiace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes

to your normal daily routine. You will not be penalized for any of these
changes - it ensures that we collect valid air samples.

Please sign to écknowledge review of these items.

Signature Q'G/M/g %(’Z;Zf“"f

Printed Name Dq A \e,/ ﬁ G 0/\/€ 1%

/\
Last four digits of SSN (for sample tracking purposes) 3 @ é ¢/
Task W a 9 pen Oﬂuar\cz'?éo»’/\

Date 5’;&/7/\‘"/0 ~0 2
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I Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughaout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, oris damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

l 3) Please advise the technician of any non-routine occurrences during the
: workday. This would include any accidents, unusual outages, variations in
l standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
l changes - it ensures that we collect valid air samples.

Please sigh to écknowledge review of these items.

Signature __(// :zz. e X Ze{ .

Printed Name {[z_: oo 4 e A

Last four digits of SSN (for sample tracking purposes) <03 O

Task a/ye: -~ ﬁ(’gég e«
Date fa;gf VxS .
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your werkday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior
to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassefte. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advjse the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes —~ it ensures that we collect valid air samples.

Please sign to 'acknowledge review of these items.

Signhature )3 v /Qo QM

o ] g
Printed Name DO\MC} Ud Vesed

Last four digitfs of SSN (for sample tracking purposes) 2¢5Y
Task r ,\\\.\u%eg\ ‘Tc:ruégsk
Date | S _[3. .02
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump: :

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your warkday. It should be attached to your lapel, or in a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician wnll pause the pump prior

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary {o provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples. -

Please sign to acknowledge review of these items. |

Signaturw W
, 7

Printed Name J2 e ¢ Cummny;

Last four digits of SSN (for sample tracking purposes) AN

Task Mj vof (0 FF Becfe®

Date 9)\zloz

ooy -
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pumg:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior

to and during breaks and lunch.

2) Please advise the technician as soon as possibie if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes - it ensures that we collect valid air samples.

Please sign to écknowledge review of these items.

Signature MM &ﬂM
Printed Name C\sﬁﬁ}ﬂ@? Qone held

Last four digits of SSN (for sample tracking purposes) S17 -76-glgy

Task %%Mﬂ Duller
Date 9‘\3*0;
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, or in a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior

to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples. .

Please sign to écknowdedge review of these items.

Signature@/.w»g?&» A Ul ¥

Printed Name__ L)wpe 4  Huid

Last four digits of SSN (for sample tracking purposes) _ 2 D¢ 2.

Task_% ﬂm

Date  7- /3 -0~
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Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump:

1) The cassette needs to be located in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, orin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump prior
to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:
- Cassette falls off or is damaged
- Pump falls off, steps running, or is damaged
- Hose is cut or damaged

This will enable the technician to adjust, restart, or replace your pump as
necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples.

~ Please sign to écknowledge review of these items.

S;gnatue %ﬂ”@/
Prmtec \/gS’Szf /. /f/x&/\/

Last four digits of SSN (for sampie tracking purposes) /| 2& 7

Task %5;{6’('
Date 7~/ 07
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Standard Test Method for

AMEIICAN SOCETY FOA TESTING AND MATERLALL
. 1918 Race 3L Philageiotse, 7 19103
Asotiiad Yo ttwe Acreicd ook 01 ASTM uwimar, Saowant AGTIS
sz fintid o v el CIMOINed ingdax, wel 20gase in iNhe next sation,

Microvacuum Sampling and Indirect Analysis of Dust by
Transmission Electron Microscopy for Asbestos Structure

Number Cancentrations’

This sandard is iswed undar the fixed aosgnation D §735; the aamber mmudinldf follawing tha dedgsation mdicates the yer of
onynd:dapunno: lnlhcmufmnnu.dmprdhnmn.hnnmmm pmmznmdaawmcrnrorhnw,\
.} since the last reviaiua of reagpoval,

supersenipt epsilon {4} 1 an

1. Scope

1.1 This test methed covers 2 proczdure: {a) dennfy
asbestos in dust and (b) provide an estimate of the concen-
tration of asbestos in the sampled dust reported as the
number of asbestos structures per unit arex of sampied

surface.

{.1.0 If an estimate of the asbestos mass is {0 be deter- -

mined, the user is referrad to Test Method D 57586,

1.2 This test method describes the equipmen|( and proce-
dures necessary for sampling, by a micravacuum technique,
nop-airborne dust for levels of asbestos structures. The
nop-airborne sample is collected inside 2 stapdard fliter
membrane casserte from the sampiing of a surface area for

dust which may contain asbestos.
1.2.} This procadure uses g microvacuuming samphng

technique. The collection efficiency of this technique 13'

unknown and will vary among substrates. Propertics influ-
encing collection cx’ﬁczcncy {nclude surface texture, adhesive-
ness, electrostadc properties and otfler factors.

1.3 Astestos identified by transmission clectyon micros-
capy (TEM) is based on morphology, sciected arez electron
diffraction (SAED), and ‘coergy dispersive - X-my .analysis
(EDXA). Some mfcrmanon about’ structure size is also

determined,
1.4 This test method is gcncmuy applicible for an esti-,

mate af the concsniration of ashestos structures starting fram

. approximately 1000 asbesios structurss per square c:nu- .

merrz.
{.4.] The procadure outlined | in this test method cmphy:

an indirec sample pr:paranan iechnique. It is inteaded lo
disperse aggregated asbestos into fandamestad fibrils, fiber
bundles, dlusters, or mamicss that can be mare accurately
quantified by ransmission glectron microseapy, However, as
with all indirect sample preparation lechniques, the asbestos
observed far quantification may not represent.the physical
form of the asbestes as sampled. More specifically, the
procedure described neither creates nor destroys asbestos,
but it may alter the pﬂysxc:ﬂ form of the mineraf fibers,

1.3 The values stated in SI units are to be regarded as the
standard. The values given in parcotheses are for informa-
tion only,

1.8 This stenderd does not purport (o address all of the
safety concerns, i any, associgted with its use. /t (3 lhe

* This et method 8 uader n¢ juaxiiction af ASTM Cummit 0-12 on
Sampting nd Aaaiynt of Almospheres 3od is the direct responubility ol
Sub ittee O12.07 on Samoling and Analysis of Ashestos,

At mAifinn Trarnverd Au!M_l;- 1995, Publisheg Cctader 1993,

respansibility of the user of this .rtam'ard (0 establish appro- |
priate safety and heaith practices and determine the applica-
bilicy of regulatory limitations prior (o use. )

2. Referenced Docmnem:

Ll ASTM Szmrdard:

D 1193 Spedification for Reagcnr Water?

D 1739 Test Method for the Collection and M:asm'cmcnl
of Dustfall (Settleable Particulate Mattez)?

D 3195 Practics for Rommeter Calibraton?

D 3670 Guide for Determinarion of Precision and Bias of
Methods of Cammittes D-223

D35756 Test Method for Microvacunm Sampling and
Indircet Analysis of Dust by Transmission Electron
Microscapy for Asbestos Mass Concentration> -

3. Terminolagy

3.0 Definjtions:
i a.:bmdbrm—aspcz:ml type of fibrous habn: in which
the fibers are separable into thinner fibers and uitimately

into fibrils. This habit accounts for greater Jexibility and

" higher tensile strength than other habits of the same mineaml.

For mare information on asbestiform uuncralogy, se= Refs
(1 @Qamd @), -

3.1.2 asbestos—a collective term that describes a groug of
naturally occurring, incrganie, highly Strows, siicate domi-
nated minerals, which are easily separated into Iong, thin,
flexible fibers when crushed or processed.

Docusson~—{nciuded in the definition are the ashestiform varictiss
off serpentine (chrysotile); nicbeckite (aoddoliic); grunerite (grunedic
usbestos); anthophy(liie (amthophyilite xsbesios); temolite (tremiofite
asbextos); ind sctinmalits (actincilis asbestos). The amphibole atnaml
mmmdawmd:ﬁnedmdingmaomcndﬂmcidxlmma—

tanal Mineralogical Association (3)
Asbcstos Chemicel Absoact Servics NoS

Chrysodic . 12001-23-5

_Crocidalite 1200428~
Camerits Asboioy 12172735

Aathophyitite Asbestas 77336-47-3

Tremoiite Asbesiat TI516-68-%

77536664

Actinolite Asbestes
3.1.3 fibri{~a single fiter that cannat be sparated into

3 Amangl Buok of AST4 Stondards, Vot 11,01,

3 Aunual Jook of ASTH Standardr, Yol |1.03.

* The daidface aumbers in poreacicsss refer (g the fin of rerences « (e ond
of thin et method,

? The nan-datiform varistons of ibe minerals indiciod in 5.0, lave
Jilforent Chemical Abstract Servies (CAS) aumbert. . :
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smaller csmpon:nts wimout losing its fibrous properties or
appearancs,

1.2 Descriptians of Terms Specific 10 Tm.r Standard:

321 aspec: ratio—the ratio of the Icngth of a fibrous
particie 10 i3 average width,

3.2.2 bundle—a structure campased of three aor morz
fiters in 1 paralled arangement with the fbers deser than
oce fiher diameler 0 each other -

. 3.2.3 duster—a structure with fibers in a2 random armange-
ment such that all fibers are intermixed and no sipgie Gber i
isolatad from the group; groupings of fibers must have more

than two points wuching,
3.2.4 dedris—materials thac are of an amouut and size

(particles greater than | mm in diameter) that can be visually
identificd as to thedr source.

3.2.5 dust—any material composed of particles in a giz=
range of =! mm and larges encugh 10 sertie by virtue of their
weight fum the ambieat ar (se= defimidon for settleable
partculate maner in Test Methad D 1739).

326 fiber—a smucture having 2 minimum length of 0.5

pm, an aspect @mtio of 52 or greater, and substantially

_parallel sides (4),
" 32.7 fibrous—of a mineral composed of parallel, radi-
ating, or interiaced aggregares of fbers, from which the fbers

are somedmes separable, That is, the orysialline aggregate

may be referred 16 as fibrous even if it is not composed of
separable {ibery, but has thar distinet appearancs. The wxm
fibrqus is used in 3 general minemitgical way to describe
aggregates of grains that oystallize in a needle.like habit and

appear o be compaosed of Gbes Fiorous has a much morz

" geaeral ‘meaning than asbesmos. While it is correct that alf
ashestos minerals are Shrous, not all minerals having fbrous

habits are asbestos,
323 indirect preparotion—a method i which 3 sampie

passes through one or more int=mediate steps prior to {inal
fiitrzdon.,

2.9 matrix—a stucture in whick ane or more Sbers, or-

fiber bundles that are touching, ame attached 1o, or partially,
coczaled by a sngle particle or connectad group of non-
fibrous particies, The exposed ncc: must mest the ﬁhnr

dednmion (se= 3.2.5).
210 structures—a 2o that is used 10 categoriza all the

Types of asbestos panticles which are recorded during the
analysis (Such 1s fikers, bundles, clusters, and mardicss).
Final results of the lest are always expressed in asbestos

structures per square cItimerTe,

4. Summuary of Test Y{ethod

4.1 The sampie is collected by vacuuming 3 known
surfacs area with 1 standard 23 or 37 mm air sampling
cassette using 2 plastic lube that is attacied {0 the inlet
onificc wilch acts 1 a noxzie, The sample is transierred fom
insice the cassatte (o a0 agueous soluticn of Xnowa voiume.
Aliguats of the suspension ars then fltered through a
membrane. A swcuon of the membrane is preparsd and
transterred to 1 TEM grid using the direcs wanster methed.
The asbestiform structures are ideaulicd, sized, and couated
by TEM, using SAZD and EDXA at a magnificadon of
Y580 ta 20 COOX.

5. Signifcance and Use

5.1 This microvacuum snmplmg and indirect analysis

metbad is used for the generad testing of non-airhorne dust
smples for asbestes. It is wsed 0 as4ist in the evaiuation of
dust that may be found on surfaces in buildings such is
cailing tles, sheiving, elecmical compounents, duct work,
armpet, cio. This test method provides an index of the
concantration of asbestos structures in the dust per unit are
analyzed as derived from a quantitative TEM anajysis. :

S.1.1 This test methed does not describe procedures or
techniques required to evaluate the safety or habitabiiry of
buildings with asbestos-containing materials, or ccmpham:.
with federal, state, or Jocal reguiations éor statutes, [t i9 the
uzer's responwmbility to make thete detarminations,

5.12 At praseat, a siogle direct relatiooship betwesn
ashestos-conruning dust and potestial bunman expesure does
not exist. Accordingly, the user showid consider thess data in

rdationship to otbcr available information iz their evalus-

con. .
2 This tast ma.hcd uses the definition, sertlesble partc.

u.axc matenal, found in Test Method D 1739 as the defini-
tion of dust. This defimition accepts all particles small
enough to pass through a | mm (No. 18) screen. Thus, 2
single, large asbestos conmining particiels) (from the lamge
end of the particie size distibution) dispersed during sampke
preparation may resudt o anomalousty large asbestos con-
centration results in the TEM analyses of that sample. [t i,

.th:m(cr:, recommendad that muitiple mdependent samples
- are secured from the same arey, and 3 minimos: aof thres

samples analyzed by the entire procedurs,

6. Interfereaces :

6. The foilowing minerais have properties (that is, chem-
icd or aystalline structure) which are very smilar w
asbexter minerals and may interfers with the analysis by
causing a false positive 10 be recorded’ during the st
Thaeefere, literature eierences: for these matesals most be
maintired in the abaawry for comparison o asbestos
minerals so that they are not misidentificd a3 astestos
mizerals.

8.1.1 Antigorie.

§.1.2 Paiygorskita (Aaamdgzre}

6.1.3 Hailoysite.

4.1.4 Pyraxzes.

6.1.5 Sepiclite.

§-1.5 Vermiculite scrofls.

§.1.7 Fibrous calc.

6.1.8 Homnbiende and other amplibafes other than those
fisted in 3.0.2

4.2 Colilecting any dust particiss greater than | mun in gzs
in this test method may cause an Inwesferencs and, thererore,

must be avoided.

7. Materials and Equipment
7.1 Purity of Reagenss—Rzagent gade c.‘xcpi;ﬂ:t shall te

used i afl tests. Unless otherwise indicated, it is intznded

that all reagents conform 1o the specificadons of the Corn-
mixes an Amafyticai Reagenss of the American Clezucu
Secizty, where such s;:cmxcnnons are 1vailabie. Other Fradss
may >z used, provided if i3 fios ascormined that the magent
is of sufficently high purity w0 permic its use without

- s e -
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lessening the accuracy of the determination.’
12 Transmission Elecoron Microscope (TEM), an 80 1o

{20 k¥ TEM, capable of performing elecmron difffaction,

‘wim 3 ﬂu:csmn:nt scresn inscribed with calibrated grada:

tions, it required. The TEM must be equipped with energy

dxsp::svc X-ray SPCCIrCScopy (EDXA) and it must have a
scanning transmission ectron m.xm:scopy (STEM) attach-~

ment or be capable of producing a spot size of less than 250

nm in diameter in crossover.
13 Enerzy Dispersive X-ray System (EDXA).
1.4 High Vacuwm Carbon Evaporator, with rotating stage.
135 High Efficiency Particudate Air (HEPA), filtered nega-

tive fow Bead.
1.8 Exhaust or Fume Hood. -
7.7 Particle-free Warer (ASTM Typ: U, see Spesificatian

D 1193

18 Glass Beckers (5 mL).

19 Glass Sample Containers, with wide mouth screw cap
(200 mL} or equivalent sealable container (height of the glass
sampie conlainer should be approximately [3 am high by &
cm widz).

7.10 Waserproof Markers.

7.41 Foresps (tweezers).

7.12 Ultrasonic Bath, table top moded (100 W).

7.13 Greduated Pipettes (!, 3, |0 mL sizzs), glass or
plasde, :

7.14 Filter Funnel, either 25 mm or 47 mm, glass or
dispasable. Filter fuone! assemblies, aqther glass ov disposable
plaste, and using either 2 25 mm or 47 mm diameter filter.

7.15 Side Arm Filter Flask, 1600 mi. - ’

7.16 Mixed Ceffulose Ester (MCE) Membrane Filters, 25

or 47 mm diameter, =<0.22 pm and 5 pm pore size.
7.{7 Poéycarbonate (PC) Fifters, 25 or 47 mm diameter,

=02 um pore size.
© 1.18 Slarage Containers, for the 25 or 47 mm flters (for

" archiving).

1.19 Glass Slides, approximately 76 by 25 mm in 3ize

1.20 Scaipef Blades, Ma. 10, or equivaleat.

721 Cabines-type Desiccator, or Jow temperature drying
oven,

722 Chioroform, reagent grade. ' _—

723 Acetone, reagent grade. -

124 Dimethylformomide (DME).

125 Glacial Acstic Acid.

1238 l-methyl-2-pyrrofidons.

7.27 Plasma Asher, low temperaturs.

728 pH Paper.
129 Air Sampfing Pump, low volume personal-type, ca-

pabie of achicving a flow rate of | to 5 L/ntin.

1.30 Rotameter,
131 Air Sampling Cassettes, 25 mm or 37 mm, con-
taining 0.8 um or smaller pore size MCE or PC fiters,

7.32 Cork Borer, 7 mm.
1.33 Non-Asbestos Mineral, referencas as cnﬁ.md in 8.1,

Leass, A

¢ Beuwet Chemucais, American Chermenl Suciay S,
Chemaical Jaciexy, Wasington, CC. For suggeniaas ag (e tesiny of (s 306
fisted by the American Chamical Socrty, soe Analar Staxdardy or Lidarsiory
Chenmcale, 30H Lid,, Poale. Oomer. UK, 1nd the United Stater Parmacopera
wnd Nativeai  Formadary, U.S. Parmacsuucl Coavenuan, Ine [USPQ).

7.34 Asbestos Siandards, as outlined in 3.1,
7.35 Tygon” Tubing, or equivaleat,
736 Small Vacuum Pump, that can maintain a pressure

ol 92 kPa .

737 Pari Dishes, largc yas, apprmumaﬁ:!y $q mz in
diameter.

738 Jafe Washer, stainless siesl or a!urnmum mesh -
screen, ’Ommmch,andappmxmamiyﬁmmbysomm

in sze,
7:39 Capper TZM Finder Grids, 200 mesh,
7.4Q Cardon E vaporaior Rods, _

7.4} Lens Tissue
7.42 Ashless. Filter Paper Filters, 30’ mm dmm:'.r:

7.43 Gummed Paper Remnforcamant Rings,

7.44 Wash Botles, plastic,

7.45 Reagent Alcohol, BPLC Gmdc (Fisher AS95 or
equivalent). -

7.46 Opening Mesh Screem, plastic, 1.0 by 1.0 mm,
(Spectra-Mesh #146410 or equivalent). »

7.47 D.Q?'rucmn Grating Replica,

8. Sampﬁng Procedure for Microvacanm Techniqoe

8.1 For séunpkng asbestos-containing dust in either indocr
or outdoor eavironments, commerciaily available cassemes
must be used. Air monitoring cassentes comtaining 25 mm ar
37 mm diameter mixed cflulose ester (MCE) or
polycarbonate (PC) fiter membranes with a pore size less
than or equaj to 0.8 pm are required (7.31). The oumber of
samples caflected d:pcnds upon t.hc specific amumsta.nm of

the study.
3.2 Maintain a Jog of all pertinent samp{mg information

and sampling locations. .

8.3 Samplmg pumps.and flow xndzcmon shall be cali-
brated using a mﬁ:dszandaxdsppam:scra:unbly (s
Practics D 3195 and 7.29).

8.4 Record all calibration information (S)

8.5 Perform a leak check of the sampling system at. ad’x
sampling site by activating tbe pump (7.29) with the cfosed
sampling cassenz in [ine. Any air flow shows that a leak is
present that must be climinated before initiating the sam-
pling operation,

8.6" Attach the sampling cassette to the sampling pump at
the outiet side of the casgette with plastic tubing (7.35). The
plastic tubing must te long sncugh in thar the sample areas
can be reached without intesferenmce fom the sampling

‘pump. Attach a clean, approximately 25.4 mm long pices of

plastic tubing (6.35 mm internal diameter) directly o the
inlet orifice. Use this piccn of tubing as the sampling nozzle,
Cut the sampling end of the tubing at 3 45 angie =5
illustrared in Fig. 1. The exact design of the nexzie is not
critical as loog a8 some vacuum break ix provided to avaid
simply pushing the dust around on the surface with the

nozzie rather than vacuuming it into the cassette. The

internal diameter of the nozzle and flaw mte of the pump
may vary as lang as the air vedocity is 10Q (=10) am/s. This
air vedocty calewlation is based on an mxcmn{ smpiing moe

diamezer of 6.35 mm at a flow rate of 2 L/min
3.7 Measure and derzrmine the sample area of ipterest. A

! Tvann 1w 2 rogistered (adamark af ths OuPaat Ca.
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FIG. 1 Exzampfa of the Tubing Noxzie

sample area of 100 cm? is vacuumed until there is 2o visible
dust or particulates marter remaining. Pexform a minimum
af twa orthogonal passes on the surfacs within a minimum

of 2 min of sampiing time. Avoid scraping or abrading the |

surfies being sampled. (De nat sample aoy debris or dust
partcies greater than | mm in diameter (s 4.2).) Smailer or
la:g:r arcas can be sampied, if nesded. For example, samc
surfices of interest may have 3 smaller area than 100 em?.
Lesx dusty suriaces may require vacuuming of larger arms,
Uniike air samples, the gverfoading of the cassertes with dust
will got ke 2 problemy. As defined in 3.2.5, ondy dust shall be
coilected for this analysis,

8.8 At the end of sample collecdon, invert the cassetie so
that the nozzis inlet faces up E=fore shutting off the power lo
the pump. The nozzle is thea sealed with a casserte end-plug
and the cassette/nozzie taped or agpropriately packaged to
prevent scpamtion af the nozzle and cassette assembly. A
second option i3 the removal of the nozzie from the cassetts,
then plugging of the cassette and shipment of the nozzle (aksa
plugged ar both =nds) sealed in a scparate closeable plasuc
bag. A third opdon is placing the noxzle mside the cassette

. for shipment. The nozzic is aiways saved and fnsed because
-2 significant perceniage of the dust drawn Som a lighdy
loaded surface may adhers le the inside walls of the tubing.

8.9 Check thar all sampies are dearly labeled, thae all dust.,
sampiing informadeon shests are compieted, and that z~
pevtinent information has besn enclosed, in accordancs with
laboratory quality contral practicss, tefore transfer of tie
sampies to the laborarory. Incinde an unused cassetts and
nozzie as a feld blank. ' '

3.10- Wipe off the exterior surface of the cassentes with

dispasable wee towels (baby wipes) pdor (@ mckagmg for
shipment. ,

9. Sampie Shipment

9.1 Ship dust sampies to an acalydcal labaratory io 2
sealed contaiper, but separate from any bulk or air samples.
The casseries must ce tghtly seafed and packed in 1 matesial
free of fibers or dust 10 minimize the sotential for contami-
nation. Plastic “bulbig pack” iz protabiy the most appro-

priate matevial {or this purpese.

10, Sample Praparation
10.] Under a negative flow HEPA heod (7.5), carsfully
S ea avrarier of the cassolres (0 remiOve any possibic

conamination tefore tzkmg Qssetles inlo 3 clean prepara-

.don arex

0.2 Perform @ample prccmunn in 3 cdean facility that

has 2 separate work area from both the tuik and air sa.mple

pregaration areas, ¢

103 Inital specimen pn:parauon shall wk= place in 1
clear HEPA filtered nqatwc pressure hood to aveid any
possibie contamination of the laboralory or personnd, or

both, by the patentally large numeer of asbestos structures

©In an asbestos-comaining dust sample. Clexnliness of the

preparation area hoods s messursd by the cumulative
process biank coacsatrationa (sez Section 1),

10.4 All sample preparation staps 10.4.1 through 10.4.6
shall aks placs in the duse proparation arss ioside a2 HEPA

" hood.

10.4.1 Remove the upper plug fom the smple casetie

and cmzmlly introducs approximately 10 mL sciudaon of 2
50/50 mixiure of particie~Toe waler and r=agent alcohol into
the cassede using a plastic wash botle {7.44). If the plugeed
nozzle wasieft amached ta the cassete, then remave the plug
and introducs the water/alcohal- soludon into the cassene
through the tubing, and then remove the twbing, i s
viaibly clean,

10.4.2 Replace the upper plug or the sampic cap and

lightly shaks the dust suspension by hand for 3 <
{0.4.3 Remove the entirs &ap of the cassett and pour the

suspensicn through a 1.0 by 1.0 mm opening screen (7.46)
into a pre<cleaned 200 ml glass specimen bettle (7.9). All
visidle traces of the sample contained in the cassetzs shall be
rinsed through the screem into the specimen bortle with 2
plastic wash botde conwaining the 50/50 sofution of particie-
{ree water and aleohel Repeat this procedure twa additional
times for a toral of three washings. Next, riose the nozxle two
or thres times through the screen into the specimen tottle
with the 50750 mixturs of water and ticohol, Typxcnﬂy, the
ol amount of the 30/50 mixture used in the dose is 50 o
75 ml. Discard the [0 by .0 mm screen and bring.the

" volume of solation in the specimen bottle up to the 100 mL

mark on tbe sde of the bottle with particle-ree water cnly.

10.4.4 Adjust the pH of the suspension to'3 1o 4 using a
10.0 % solution of acstic acid. Use pH paper far testing.
Filter the suspeasion withinz 24 b © avoid probiems assod-
ated with bacterial and fungal growth.’

10.4.5 Use aither a dispesable plastic ffitration unit or a
glasy fltering unit (7.14) for Gliration of aliquots aof the
suspeasion. The ability of an individual Sltration unit fo
preducs 1 uaiform distnbution may bz tested by the
filtration of 2 colored pardeulate suspension sur:h as diluted
India ink (suspeusion of carbon black).

10.4.5.1 If a disposable plastic fitration unit is used, then
unwrap a new disposabie piastc fiter fanne! wiit (ither 25
ar 47 mm diamerer) and emove the taps around the base of
the funnel. Remove the funnei and discard the top fller
supplied with ihe apparatus, retzioing the coamse
polypropyleae support pad in placs. Assembie the unit with
the adapter and 3 properdy sized ncoprene stopper, ind
amach the funnel o the 1000 mL sde-arm vacuuwm Jask
(7.13). Place 2 5.0 um pore sizz MCE (backing Altes) on the
suppont pad. Wee it with 1 few mL of particie~Tee walter and
piacz an MCE {7.16) or PC flter (5022 pm pore dz2=2} (7.17)
an tep of the sacking flter. Apply 2 vacuum (7.36), ensuriog
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that the fflters ars csatersd and pulled (at without air
bubbles. Any irregularities on the fter surface requires the
discard of that flter. Afler the filter has bez=n seated properfy,
replace the funnel and rescal it with the tape. Return the
fask to atmospheric pressure,

10.4.5.2 If a glass filtration unit i3 used, placza 5 um pore
size MCE (backing flter) on the glass [rit surface. Wat the
filtar with particle-fre= water, and placs an MCE aor PC fiter

(5022 pmm pore sizs) an top of the backing flter. Apply 2.

vacuum, ensuring that the filters are centared and puiled flat
without air bubbics. Replacs the filters if any irreguiarities
are se=n on the filter surface, Before fitration of each set of
sample aliquats, prepare a blank fiiter by filtratian of 30 mL
of partjcie-free watzr. If aliquats of the same sample are
filtered in ordar of increasing concanmradon, the glays flia.
tion unit need not be washed hetwesn filtratiod. After
completion of the filtration, do not allow the Gltration funnel
assembly to dry because contaminaron is then more difficuit

10 remove, Wash any residual suspeasion from the Htration .

assembly by holding it under a flow of water, then rub the
surface with a clean paper towel soaked in a detergent
solution. Repeat the cleaning operation, and then nnse two
times in particle-fe= water.

10.4.6 With the flask at atmospheric pressure, add 20 mL
aof particle<ree water into the funnel, Cover the filter finnd
with its plastic cover if the disposahle filtering unit is used,

10.4.7 Briefly hand shake (3 s) the capped bottle with the
sample suspension, then place it in a tabletop ultrasonic bath
(7.13) and sonicate for 3.0 min. Maintain the water level in
the sonicator at the same hefght as the solution in sample
botle, The ultrasanic bath shail ke calibrated as described in
20.5. The uitrasonic bath must be operated ‘at equilibrium

temperature. After sonicatdng, return the sample bottde to the |

wark surface of the HEPA fhood. Preparation steps 10.4.8
through 10.4.14 shall & carried our in. this heod-
10.4.3. Shake the suspension lightly by band for 3 s, then

ldmmt&rlﬂmnmwewm:pmdawsem:mm.

bottom of the botie or float to the surface, |
10.4.9 Estimate the amount of hquxd o be withdrawa to

produce an adequate flter preparation. Expmcnc.: has

shown that a light stining of the filter surface will vi
suitahle preparation for analysis. Filter at Jeast 1.0 ml, but
no more than haif the total volume. If after examination in

the TEM, the smallest volume measured (1.0 ml) (7.13)

yields an overfoaded nmpfc, then perform additional sedai
dilutions of the suspeasion. If it is estimated that less than
1.0 mL of sclution has to be filtered because of the density of
the suspension, perform a serial dilution. :

10.4.9.1 Tfserial dilutions are required, repeat stop 10.4.3
before the serial dilution gortion is taken. Do not re-sonicate
the ¢riginal solution cor any serial dilutions. The recom-
mended procedura for 2 serial dilution is to mix 10 mL of the
sample sclution with %0 mL of particle-{rez water in 2 dean
sample bote (o obtain a1 {:10 serial dilution. Follow good
laboratory pracricss witen performing dilutions,

10.4.10 Insert a new dispesatic pipette halfvay inro the
sample suspension ang withdraw a portion. Avoid pipesting
any of the large Qoating or settled pasticies. Uncover the flter
fuanel and dispense the mixture {tom the giperte ints the

mtam i rhe frinAe].

10.4.11 Apply vacuum to the flask and draw the mixture

through the fiter,

[0.4.12 Dum:d:bcpmcne.
{0.4.13 Disassermnhle the filtering unit and cam'uﬂy re-

move the sample filter with fine weszers (7, I1). Placs the
compicted sampic filter particle side up, into a precleaned,
labeled, dispesable, plastic petri dish (7.48) or other similar

contaner,
{0.4.J4 [n order w0 ensure that an cpnmaﬂy-loadcd flter

is obuained, it i3 recommended thax flters be pregared from
several different aliquots of the dust suspeasion. For this
series of filters, it is recommended that the volume of cach .
aliquot of the ariginal suspension be 2 fictor of five higher
than the previous one. If the fiters are preparcd in order of
increasing aliquot volume, all of the filters for one sampic
can be prepared using one plastic disposahie filtvation unit,
ar without cleaming of glass fltraton equipment betsvesn
{ndividual fltraticn. Befors withdrawal of each aliquot fom
the sample, shakz the “suspension without additional
sonification and aflow to et for 2 min.

{0.4.15.Thare are many practical metheds for drying
MCE fhers, The following are two examples that can be used:
(1) dry MCE filters for at least 12 h (over desiccam;) [n an
airtight cabinetfype disicmator (7245 (2) o shores the
drying time (if desired), remove a plug of the darop flter and
attach it to 2 glass slide (7.19) as described in 12.1.2 and
{12.1.3. Place the stide with a Giter plug or flter plugs (up 10 .
eight plugs can be attached 1o one slide) on a bed of

desiczznl, in the desicearor for | b,
10.4.16 PC fitzrs do nol- require lengthy drying before

preparation, but shail be placed in 2 desiccator for st least 30
min before preparation,

10.5 Prepare TEM specimens from small sections of cech -
dried filter using the appmpnat: direct rapsfer preparation

method, S

11. Blanks

{1.1 Prepare sample blanks thatmdudebotha.pm
blank (50 mL of particle-fte2 water) for each set of amples
snalyzed and coe unused filter from each new box af sample
{ilters (MCE or PC) used in the laboratory. If glass filtering
units are used, prepare and analyze a process blank each time -
the filtering umit is cleaned. Blanks will be considered
contaminated, if after analysis, they are shown to conmin
mare thag 53 asbestog sructures per square millimete, This
generally comesponds to thres or four ashestos structures
found in ten grid openings. The squrce of the contamination
must be found before any further analysis can be performed.
Reject samples thar were processed along with the contami-
uawdblnnk:andprq:zrcncwsmplazﬁxttmsaumoxm:

contamination is Hund,
-11.2 Prepare field blanks wiich are included with samplf:

5c43 in the mme manner as the sampies, to test for contami-
axtion during the sampiing, shipping, handling, and prega-
radon steps of the method.

12, TEM Specimen Preparadon aof Mixed Callulose Ester

(VICE) Flitess
Nors | —=Use of diher s acstone ur the diamethylformamides
acsuc acd method I acesptable.
(2.1 Acetune Fusing Method:
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12.1.] Remave 1 section (3 plug) from any quadrant of
the sample and biank fltesx Sections can be remaved fom
the fiters using 3 7 mm cork borer (7.32). The cork barer
must be wet wiped after exch tdme a secon iy nanaved,

1212 Place the filter section (particle side up) on a clean
. microscope side. Aflix the filter section to the sdide with a

gummed page reinforcament (7.43), or other suitable meaus,
Label the sfide with '3 glass scribing tool or permancmt
marker (7.10).

12.1.3 Prepare a fusing dish from a giass petri dish (7.37)
and 2 metal screen bridge (738) with 2 pad of fve to six
ashlews paper filters (7.42) and piacs in the bouom of the
petri dish {4). Place the screen bridge on top of the pad and
sacurats the flter pads with acstone., Placs the slide on top of -
the bridge in the perd dish and cover the dish. Wair
‘approximately 5 min for the sample lier to fuse and clear.”

122 Dimethylformamide-Aeszic Acid Method:

1221 Placs a drop of clearing soluticn that consists af
313 % dimethyiformamide (OMF), 15 % glactal acetic acd,
and 30 % Type Il water (¥/v¥) on 2 clear microscope dide.
Gauge the amount ased so that the clewing solutioa just

sacurates the filter sectian. ,
1222 Carefully lay the filter segment, sample surfzcs

upward, on top of the sofudan, Bring the filter and sciution

together at an angle of about 20” 0 f1elp exclude air bubbles,
Remave any excsss ciearing soiutdon. Place the slide'in an
gven or on a hot plate, in a fume hocd, at §5 ¢ 70°C for 10
min.
12.3 Plasma ciching of the coflapsed [ter is required.
12.3.] The micruscepe slide o which the collapsed fiter
pieces are amtached is placed in- 3 plasma asher (7.27).
. Because plastna ashers vary greatly in ther performance,
both fram unit to unit and between different padtions in the
asher chamber, it is difficuit to specify the exact conditions
that must be used. Insufficient etching will cesudt in a failurs
1o expase emmbedded fibers, and too much ciching may resudt
in the loss of partices from the {llter surfacs, To determine
the optimum time for ashing, placs an unused 25 mm
diameer MCE fiter In the center of 1 glass microscope slide
Position 1be siide approximately in the center of the asHer
chamber, Close the chamber and cvacuate to a pressure of
approximately 40 Pa, while admitiing oxygen to the chamber

at 2 rate of 3 10 20 cn/min. Adjust the tuning of the SYSIET > o5 o7 3 TEA specim
'so that the intansity of the plasma is maximized. Determine ™ paa . <2 gnd.

the time required for complete oxidation of the Mter. Adjust
the system paramelers Lo achieve complete oxidation of the
filter in 2 .periad of approximately 15 min. For ciching of
collapsed filters, use these aperating parameters for 2 period
- of § win. For additional information on calibration, sez the
USEPA Asbestos-Containing Mutericls in Schuols (4) or
NIST/NVIAP Program Handbook for Airborne Asbesios
Anafysis (6).documents.

12.3.2 'Place the glass siide containing the collapsed fiters
into the low-temperature plasma asher, and ewch the filter,

12.4 Cartan coating of the collapsed and ewhed filters is
required, ’

12.4.1 Carbon coating must De performed with a high-
vacuum coating unit {7.4), capatle af' lass than 10~ oer (13
MPa) pressur= Units that are based on evaporation of
caroon flaments in a2 vacuum geacrated anly by an otl roary-
pump have not bezn evaluated for this appfication and shall

not be used. ;zrbcn reds (7.4Q) used for evapoators shail be
mmedmbamrbonmdshmcrmanmkohbcuu
mmmlcng!hmdlmmfndiamdcr.mmdsmmmud
in the evaporator in Such 2 mamner that the points are
approximately 100 o {20 mm fom the surface of the
microseape sdide held in the romting device, '
124.2 Place the glass slide hoiding the Siters an the .
ratation device, and evacuare the evaporator chameer o 2
vacuum of at least |3 MPa. Perfarm the evaporation in very
short bursts, separated by 3 10 4 s to allow the dectrodes
czcol, An aitesnate method of evaparation is by using 1 stow

‘continuoas applied cureat. An experienced anmalyst can

Jjudge the thickness of the carboa Blm to be appiied. Conduct -
tests on unused filters frse. If the carbon film is. too thin,
large pardcies will be lost from the TEM specimen, and them
will be fow complete and undamaged grid apenings on the

specimen.

[24.2.1 If the coating is too thick, it will lead to 2 TEM
image that iy Jacking in contrast, and the ability to obtain
cleczron diffracton patterns will be coompromised. The
carbon fim shall be as thin as pessble and sHil remain intagy

‘on most of tte grid openings of the TEM specimen.

{25 Preparation of the Jaffe Washer—The precise design
of the Jaffe washer is not considered important, 30 any one of
the published designs may be used (7, 8). One such washer
consists of 2 simple sainless szeel bridge contained in a glass
petri dish, '

125.] Placz several pieces of lens tissue (7.31) an the
stainless steed bridge. The pdeczy of lens tissuc shall be large
eaough to completaly drape over the bridge and into the
solvenr. In 2 fume hood, fill the peni dish with acetone (ar
DMF) unii] the haight of the solvent is brought up o contzer
the underside of the metal bridge as Mustrated in Fig. 2.

12.6. Placing the Specimens into the Jaffe Washer:

12.6.} Places the TEM grids (7.39) shiny side up on a piecs

* of leas txsuz or Slter paper 5o that z‘nd_i‘yidual grids can be

casily picked up with tweezaxs, .
12.6.2 Pregars thres grids fom each sample.

. 1282} Using 2 curved slpet blade (7.20), excise at least: -,

wa square (3 mm by 3 mum) piecss of the carbon-coated

MCE giter from the glass slide. .
12.6.22 Placs the square filter pecs carbon-side up oz

[2.6.2.3 Place the whcle asembly (Siter/grid) on the

saturated-fens tssue in the Jaffe washer,

Elecitan microscape
Glass petr! dieh specimans '
(10Q mm =15 mad A
N

Siainiras 1taai mash
bridgwe (30 mazhi
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12.6.2.4 Place the thres TEM grid sampie filter prepara-
tions an the same piecs of lens tissue in the Jaffe washer,

12.6.2.5 Place the lid op the Jaife washer and allow the
system to stand for several hours.

127 Alternataly, placs the grids oo 2 low leve! (pctn dish
filled 1o the ‘& mark) DMF Jaffe washer for 60 min. Add
enough solution of equal parts DMF/acstone to Sif the
washer to the screen level. Remove the grids after 30 min if

they have deared, that is, all filter material has bcca mq:ovcd

from the cuben film, as determined by inspection in the

TEM,
12.3 Carddully remove the grids from the Ia{ﬁ: washer,

ajlowing the gnds to dry before placing them in = dean
marked grid hox. -
13. TEM Specimen Preparution of Polycxrbonam PQ)

Filter
13.] Cover the surface of a cleap microscope slide with

two strips of double-sided adhesive tape,

13.2° Cut a strip of filter paper afightly parrower than the ;

width of the stide. Position the fifter pager soip on cﬁc canter

of the length of the slide.
13.3 Using a clean, curved scalped blade, cut asmp of m.-.

PC fillter approximately 25 by 6 mm. Use a rociang metion

of the scalpel blade to avoid tearing the filter, Placs the BC
sm'p particle side up on the slide pcrpendiwlar to the long
axis of the sdide. The eads of the PC strip must contace the
dauble sided adhesive tape. Each slide can hold severat PC
strips.. With a giass marker, label cach PC sip with the

_ individual sample number,

13.4 Carbon coat the PC. filler strips as discussed in
12.4.2. PC filters do not require etching.
mex Z; Cantion—Da not gverheat the fltar sections while crbon
Soalryg, . .
13.5 Prepare a Jaffe washer as descyibed in 1225, bug fii?
the washer with chloroform or l-mahyl—lﬂmnhdcnc 1o the

level of the screen.

13.6 Using a clean curved scalped bhd:. excise three, -

3-mm square flter pieces from cach PC strip. Placs the fter
squarcs carbon sids up on the shiny side of a TEM gnid. Pick
up the gnd and filter section together and placs them on :hr_

lens tissue in the Jaffe washer.
13.7 Place the lid on the Jaffe washer and rest the gnds in

place for at least 4 h, Best resuits are oftained with longer

wicking gmes, up to (2 4.
13.8 Carcfully remove the grids {rom the Jaffe washer,

aflowing the grids to dry befors placing them in a clean,
marked grid box.

14, Grid Opening Measurements
14,1 TEM. grids must have 2 known grid opening arez.

_Determine this area a3 fotlows:

142 Measure at lexst 29 grid openings in exch of 20

‘randam 73 10 100 um (200-mesh) copper grids for a total of

400 grid openings for every 000 grids used, by placing the
20 grids on a glass slide and examining them under the
aptical microscape, Use a calibrated grnucufc {0 mexsure the
average length and width of the 20 opeaiags from cach of the
individual grids. Fram the scumulated dzm.. clculags the

average grid cpeaing ar=a of the 400 openings.
4.3 Grid 23 mezsurements can alsa be made a¢ the

TEM at a calibrared screen magnification ofbctwecn 15000
and 20 000X, Typically measure one grid opening for each
gndcxammcd.Mcasurcmdopmnambmhtbexandy
directions and caicuiate the area.

14.4 Pre-calibrated TEM grids are also accentabie for this

1est method.

15. TEM Method . - .
15.! Micrascope sewings: 30 to 120 kY, {5000 o
20 000X screen magnification for analysis (72).

15.2 Analyze twa grids for cach sample: Analyze anevhaif
of the sampie arcs ant one sample grid preparation and the
remaining half on 2 wecond ample grid preparadon. -

15.3 Determination of Specimen Switability:

15.3.1 Carcfully load the TEM grid, carbon side facing up

(intthEMca!umn)wﬂhtﬁcmdbmmmtcdpamﬂd/

perpendicular g the length of the specimen holder, Use 2
hand leas or loupe, if necsssary. This procedure will ine up
the grid with the X and y taoslation directions of the
micrescope. Insert du:spccmcn kolder into the microscope.
15.3.2 Scan the entirs gzid at low magnification (250X o
1000X) to determine itz suitability- for high magnification
analysiy as specified in [5.33.
" 15.3.3 Grds are ax:wptabh: for analysis xi'thc followiag

conditions are met;
15.3.3.1 The fraction of grid openings cov:md by the

repcy section i3 at feast 5O %,
153.3.2 Relative o that section of the grid coversd by the

arbouxwhc:.thefmmnafmmctgndopamg:um

" than 50 &.

15333 The facdonal area of undissolved filter iy [ess
than 0%, -

133.3.4 " The faction ofgndcpmngwmhcvuinppmgor
folded replica film is lesy than 50 %.

1533.5 At least 20 grid openings, that have no ovedap- '
ping or folded replica, are less than 5°% coversd with hojes

and have less than § “Sopzqucmducxomnpkzmz:r
dissaiudon, -
\5.4. Determination of Grid Opening Suitzbility: ’
15.4.1 If the grid me=ts aceeptance’ criteria, choose a grid
opcmngforanaiym&um varigus areas of the grid so that the
eatire grid is tepresenced, Determine the suitability of sach
individual grid opening prior to the analygy, .
15.42 Thbe individual arid c'pemnamus(bavcbxman

5 % boles over its area.
15.4.3 Grid openings must be less than 25 % covered with

particuiate marter.
15.4.4 Grid openings must be uniformiy loaded,
13.5 Observe and record the orjentation of the grid at 80
o {50X, on a grid. map record sheet along with the {ocation
of the grid opeaings that are =amined for the anafysia. I
indexed grids are used, a grid map is not required, bat te
identifying coordinates of the grid squars must be recarded,

16, Recordiog Datx Rules

16.] Record on the coune sheet any continuqus grouping
of particies in whics an asbestos fber i3 deseced. Classify
asbestes structures 33 bers, bundles, clusters, or magicss a3
defined jn 5.2,

162 Use the citeria for fber, bundle, du.sz:r. and matrx
ideadfication, 23 described in the JSEP {.4sbesto-Containing
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Materials in Schools document (4). Record, for cack AHERA 17, Sample Storsge
strucrures identified, the length and width measurements. 17.! The washed-out Qmpic cassezes cag be discarded
afler use.

(6.3 Record NSD (No Strueturss Detected) when no
strucrures are detected in the grid cpening.

16,4 Idendfy structures classified as chrysotlle identified
by cither cectran difftaction or X-ay apalysis (7.3} and
resarded on 2 count sheat. Yerify it least one out of every tea
chrysotlle structures by X-ray analysis.

16.5 Structures classified as amphitoles by X-ray analysis
and dectron diffracton ace cecasded oa the count shest. For
more information on identification, ses Yamats, et al, (‘7) ar
Chatficld and Dillon (8).

16.6 Record a typical electron diffracdon pattern for each
type of asbestos chserved for each group of samples (or a.
minimum of every five samples) apalyred. Record the
micregraph aumber on the count sheat, Record at least one
X-may spectrum for. each type of asbesws abserved per
sample. Attach the print-outs W the back of the count shect,

- If the X-ray spectrum is storsd, rccord e file and disk

number on the count sheer,

16.7 Counting Rules:
16.7.1 At a screen magnilication of tetween 15000 and

20 000X evsluate the grids for the mast concsntrated sample
loading: raject the sample if {t is sstimated {o contain more
than 50 asbestas structurss per grid opening. Procsed to the

next lower concentated sample untl a set of grids are |

" cbtamed that have less than 30 astestos structures per grid
opening.

16.3 dnafptical Sensitiviiy—An analytical seagtivity of
approximately (000 asbestos structurss per square ¢canh-
mene (lcwated for the detecdon of z dngle asbestos
structure) has been designed for this analyss, Thus sensitivity
cn be achieved by increasing the amoust of liquid filtered,
increxting the number of grid openings apalyzed, or da-
creasing the size of the fnal Slter, Occasionally, duc to high.

- partcle foadings or high asbestos concenmagon, this analyt-

ical ssitivity cannot be practically achieved and stoppmg _

rules apply.
18.9 Limit of De:ec.’cn—-—]’hc limit of detecson for this

methicd 3 defined ag, at a minimum, the countng of four
asbestos structuses during the TEM analyss. If less than fogr-
asbestoy structures are counted during the analysis then the™
anafyted! resylt which will be ported will Se less than the
imit of detecdon and a “fess than™ sign (<) will appear
before the mumber. All data shall be provided i the labo-

ratory report.
16.10 Stopping Rudzs:
©16.10.] The anafysis is stopped upon the compiedon of
the grid square that achicves an analytical seasitivity of Jess
than JGCO ashestoy structurss per square csntimens.

16.102 f an analytical seasitvity of {0C0 asbestas struc-
tures per square cenumerre canpot e achieved after z2na-
{yzing wn grid openings then siop on grid opeaing No. [0-or
the grid opening which contains the 100th asbestos structurs,
whichever cames first. A minimum of {our zrid squares shail

be analyzed for s=ach sampie,

{6.10.11 If the analysis is stopped Cecause of the 10Cth

struczure rule, the endre grid square containing the 0Otk

structure must te counted,
146.{1 Aferanalysis, remcve the grids irom the TEM, and

replocs them in the appropriate gnd siormgs holder,

172 Samplc gnd.s and upused filter sections (7.13) must
be stored {or 3 minimum of oue year.

18. Regorting

18.1 Report the following information for exch dust
sample analyzed: _

18.1.1 Cencentration in struciures/cm?,

13.12 The anaiydcal sensitviry.

13.1.3 Types of asbestos present,

13.1.4 Number af asbestos structures counted.

18.1.5 Fffcctive fitation area. -

18.1.8 Average size of the TEM gnid opemings that wers

caunted. :
18.1.7 Number of gnd openings examined.
18.1.8 Sarople diition used. .
18.1.9 Arca of the surface sampled.
18.1.10- Listing of siz= dam for «ach structurs counted,
18.1.11 A capy of the TEM count shest or a Csmpkz
lisdng of the cxw daza An cxzmp(c of a typical count she=t i3

shown in Appendix X1.

18.2 Determine the amount of asbestos in any acespied

sample ustag the following formula;
E£FA x 100 mL x. %STR 2shestas SUPRA
GOX GOAX Vx SPL

where:
#5TR = aumber of astestos siuctures countad,
EF4 = effective flier area of the final sampling fter, mm?,
GO = gumber of gid opentings counted,
GOA = average gid opexning arsa, mmd,
SPL  =surfacs area srapled, cm?, and

= vafume of smple filtered«iz step 10.4.9, repre-

14
seating the actual volume taken fom the original

100 mL suspenyion, mL. o

19. Quality Control/Quality Assnrance e
9.1 In genesal, the laberatory’s quality control checks are
used to verify that 3 systzm B peforming according to

‘ specifications regarding accuracy and coosistency. In an

analytical laboratary, miked or known quantitatdve sampics
are gormally used. However, due to the difficufties in
preparing koown quantitative asbestos samples, routne
qualily control testng focuses on reanalysis of samples
(duplicate recounts),

{9.1.1 Re-analyzsz samples at a mats of /1o of the sampis
sets (one out of every ten samples anaiyzed not inciuding
laboratory blapks). The re-analysis sball copsist of 2 second
sample preparation obtiined Jom the ffnal Alter.

19.2 In addition, quality assurance programs must fellaw

the critena shown in the USEPA Asbestos-Containing Mete-
nrals in Schools document (4) and in the NIST/NVIAP
Program Handbaok jor Alrbore Aspestos Aralysis docu-
ment (6). These documents describe sampie custody, sampic
preparation, b{ank checks for comtaminanon, cafitration,
sample acalysis, apalyst quaiifications, and ‘ecapicai facT-
des ‘ .
20. Calihradans

20.1 Perform calibradons of the insgumentation on a
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regular basis, and retain these recnrds in the Iaboramry, in
m:dnnc: with the Iaboxatcw s Quality assurauce program.
2 Recard calibrations in a log book along with dates of

mhbmnon and the attached backup decumentation,
20.3 A calibration list for the instrument is as follows:

203.1 TEM: -
20.3.1.1 Check the alignment and the systems opemuon.
Refer to the TEM manufacturer's cperational manual for

detailed instructions, _
20.3.1.2 Calibrate the camera length of the TEM ia clec-

. tron diffraction (ED) operating mode before ED parterns of

unknowa mplcs ars ohserved. Camera leogth can be mea-
sured by uung a carhon coated grid on which a thin Alm of
gold hag been sputtered ar evaporated. A thin film of ga[d is

' cvaporated on the specimen TEM: grid to obtain zone-axis

ED patterns superimpased with 2 nng patiern from the poly-

" crystalline gold film. [n practics, jt is desirable to optimize

the thickness of the gold film sa that only ane or two sharp
rings are cbtained an the supermposed ED panern. Thick
gold films will tend to mask weak diffraction spots from the
fibrous pamc.s. Sincs the unknown d-spacings of maost
interest in asbestos analysis are those which lfe closext to the
transmitted beam, multiple gold dngs from thick flms are
unnecsssary. Alternatively, a gold standard specimen can be
used to abtain an average camera constant calculated for that
particufar instrument and can then be used for ED patterns
of unknaowns taken during the carrespending period.
20.3.1.3 Perform magnification calibration at the fuores-
et screen, This calibration must be performed at the
magmification used for structure counting Calibration is
perfomcd with a grating replica (7.47) (for examplc. cne

conraining at least 2160 lxns/mm)
(@} Define 1 ficld of view on the flucrescent screen, The

field of view must be measurabic or previously inscrited with
a scale Or cancentric areles (all scalex should e metitc).
(b) Frequency of calibration will depend oo the s:mcc

_ histary of the partcular microscope.

{c) Chieck the calibration after any maintenance of the.

microscope that involves adjustment of the power supply o
the leas or the high voltage systerm or the mechanical

disassembly of the electron optical column (apart &om

filament exchange). -
{d) The analyst must cnsure that the grating n:phca is

plac:d at the same distancs fom the chjective lens as the

specimen,
(e) For instruments that incosporate a eucentric titng
specimen stage, all specimens and the grating replica must be

placed at the suceatric pasition.
20.3.1.4 The smalilest spot size of the TEM must be

checked,
{a) At the crossover point, photograph the spot size at a
sereen magmt' icution of 15000 to 20 060X An exposure

time of | s is usually adequate.
(6) The measured spot size must bc fess than or equal 1o

" 250 nm.

20.4 EDXA:
20.4.1 The nsuluuou and calibratdon of the EDXA qmust

be verified.

20.4.1.1 Callest a standard EDXA Cu peak from the Cu

orid.
. —ee wermic channel

number {or the Cu peak and be cormin that readings are
within ={0 eV.

20.4.2 Collect a smndard EDXA of croadahtc asbestos
{NIST S’M 1366).

20,421 The clemental analysis. of the a'oc:dolxtc must
resolve the Na peak.

2043 Collect 2 standard EDXA ofd:monlc asbestos,

20.4.3.1 The clemeatal analysis of chirysotie must resoive
both Si and Mg on a single chrysotile fber,

205 Ultrasonic bath cafibration si:z!l be pa'xb:mcd as
follows:

2051 Fll mcbachwamrmaladcqualmmchaghzof
suspension in the giass sample container that will be used for
the dust analysis. Operate the bath ungi tﬁc waxzr r:achc: the

equilibrium temperature, - -
2052 Place 100 mL of water (at appmxxmatdy 28°C)in

' angther 200-mL glass sample cantainer, and record its

temperature,
2053 Placs the sample c:mmnet in the water in the

“ultrasonic bath (with the ‘power (urmed off). After 60 g,

remove the glass container and record its temperture,

20.5.4 Placz 100 mL of water (at approximataly 20°C) in
anather 200-mL glass sample cootainer, and ma:d its
emperatre.

205.5 Placs the second sampic container in1o the water in
the ultrasoaic bath (with the power turned an). After 60 s,
remove the glass container and recard its temperature.

205.8 Calcufate the mate of energy depositicn into the
sample container wsing the following formula:

R-4,-185x'x,x‘—’57"-2 @
where: N
4,185 =Ioul:s,’czl,
R =cnmgyd¢posmon, wan:/mL, ‘
8, = temperaturs rise with the ultyasonic bath nat aper-
* sting, C,
8 :-tcmpmmnsemthth:lmnsonwbmhopcrmng.

o
=~ time in seeonds, 50 3 (28..5.3 aod 20.5.5),

= specific heat of the liquid m the glass sample
conminer, 1.0 cal/g, and :
= density of the liquid in the glass ssmple coniner,
1.0 gfem’.
20.5.7 Adjust the operating conditions of the bath so that
the rate of coergy depesidon it in the muge of 0.08 w0 0.12
MW/m?, as defined by this precedure, -

21, Precigion and Biss :
21.1 Precision—The precision of the procedure in this test
methcd is being determined using round robin data i'mm '
participaning laboratories. '
21.2 Bigy—Since there is oo accepted raferencs marerial
suitable for determining tire bias of the procadure in this st
method, bias has not been determined (se= Specification

D 3670).
NoTz J—Round robin daa i under development ind will be
preseaod is a2 research report

I3, Xeywords
12,1 asbestes; microvacuuming; settled dust; TEM

BCS
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APPENDIX

(MNoonmandacory Infermadon)
X1. DUST SAMPLE ANALYSIS |

KLt See Figs. XLI'and X12 for the dust apajysis  workshest and ths TEM count sheat,

» DUST SAMPLE ANALYSIS

Clent - . Accaleratirg Vaitage:
Sampla ID: -~ Indlcatsd Mag: I
Jot Numbar: ' ' Scraen Mag: KX
Date Samgla Analyzed: - - Micrascape: 1 2 3 4 5
Number of Opening/Grids Cauntad: | Filtar Type:
Grid Aczagtad, 80QX Yas No " Filtar sx;s: .
Parcant Loading: % Filter Pora S:r.s {um):
Grid Bax #1: Giid Cpenirg: 1) mmox um
2 g x - ym
Analyst: '
Revigwer: Caunting Rules: AHEHRA LEVEL Y
- Calcutation Cata:
Effective Filter Arsa In mm™ , (EFA) .
Number of Grid Opsrings Courted: (GO)
Avderage Grid Opening Area In mm™ (GOA)
Velume of sample Filtared in'mi: . )
Surface area Sampled in cm® 8PL)
#STR)

Number of Asbestos Structures Counted:'

* It e number of asbestes struciures countad I3 less than ar squal to 4, sntar 4 stiucres as tha limit of datcticn here.

FORMULA FOR CALCULATION OF ASEESTOS STRUCTURES "CUST" PER CM™

EFAX X 100 X #STR . (Ashestos Structures per cm?)

GO X GCA X VX &PL

Hesuits {or Total Asbestics Structures:

{Structures per cm=)

Resuits for Structurss > microns:

(Stucures ger e

FIG, X1.1 Oust Sample Analysis ‘Work 3heet
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Job Number:
(Stmc‘mra Grid #& - J Length Width Cenfirmation
# Sauare # | Type Structurs Micrans | Microns rMc:rph. SAED | EDS
]
|
[ .
i . L
| |
|
l E ]
] } | ]
- K
I j
| f
|
I 1 |
il | i
|
- [
' |
- | |
| I 1 | [ Y
P B |
| I
I
| - ~ ) |
| - ! I |
- | [ N R
Note: Keys to Abhreviations Used in Figure: . N
Type: Structure: Others:
c = Chrysatilg F = Fiber NSD = No Stuciures Detected
AM = Amasite 8 = Bundle Marph = Morphaiogy .
CR = Crocidalite C = Cluster SAED = Sale«;.'BdAma Elsctron Diffraction
AC = Actinofite M = Matix Eos = Enargy Olspersiva X-Aay SpecTescspy
TR = Tramolite ' Es =« [mter-Aow Spacing
AN = Anthechyilits NP = NoPansm
N = Non Ashestos

AG. X123 TEM Count Sheet



& o 5755

REFEYENCES

(3) Steel, E 3nd Wylie, A, “Mineralogical Characleristica of As
bestos,” io Gecloyy of Astestas Depesits, Riordon, 2. H, Edo

SME-ADME, 1981, pp. 92-101.

) Zussmaa, I, “The Mincralogy of Asbestos,” in Asbestox: Proper

tis, Applications and Hazards, Jaha lecy and Soms, (979, p-
45-67,

) Leake, B. E, “Normeaciaturs of Amphibeles,™ Amerzzrs Minerok.

ogitt, Vol 63, 1973, pp. 1623-1052,
) ~USEPA dsbertce<Coneaining Materidls i Schoals Fimal Rule

and Natice,” Federal Register, 40 CFR Pt 763, Appendix A (o

Sub-gart E., Oct. 10, 1987. .

(5) QSHA, OSHA [echmical Wanual, OSFA inuruction CPL 2-08,
Directorate of Technicl Support, US. Copartment of Lagar,
Washingron, DC 20210, Febn 5, 1990, pp. 1-4 0 1-11.

(6) NMIST/NVLAP Program Handbook for Alrberne Asbestos Anatyris,
NISTIR, August (989, po. 39—4137,

(7 Yammz, G, Agarvall, 5. C and Gibbons, R D, “Methodalegy
far the Measurement of Airbamae Asbenics by Electron Micres.
copy,” EPA Draft Report, Cantrace Ne. 63-02-3264, (984,

(8) Camtfickd, E. J,, =nd Dillon, M. I, “Analydcal Msthod for the
Determinaton of Astestos in Water,” ZPA No. 400/4-33-043,

1983,

Tho&na!cms‘m:.atylar:umgmduuuhaluumpawmmm%dwpmmmmdnm
wihmyimmuomdnthudmdud.Umdm:mﬁmwmdmmmd.mMQNmym
patert righey, and it itk of infringomont of sucl GRS, muﬁmymmmpommly

== mmuarbtmv‘mndwyﬂvvmm

Thiz srandard /3 Sutfecs (3 revisian of aay lme by the mx
I not ravized, adhar rsacprgvad or wiltarawrt Yur cominansts A (rind sllar for reviven of this staadard ar for accioosd standards
and nouid de addrazzad (0 ASTM HasdQUATSrL. Your COMMects wil (3Cae CACIY ORI ot 2 Meeting of IDe rasoarstie
tochaieal sommilas, wiich your qy 383 K you foal Unst yolr comments Mave ic roceived 3 /2 RaRaing you $30ua TicG yous
viows ‘mown (o e ASTM Cammittes on Slandards, 1978 Raca St, Phisceiphia, PA 197102

1



